ⱡ Equal Contribution
. The simulation stages are as follows: (1) energy minimization followed with (2) annealing by assigning velocities to all atoms using a Gaussian distribution for a goal temperature of 50K and lowering the temperature back to 0 Kelvin for a total of 4000 simulation steps. (3) An NVT at T=300K, using a Berendsen thermostat, with a damping coefficient of 25fs for a total of 25ps. (4) NPT stage using a damping coefficient of 25fs and 250fs for the temperature and pressure, respectively, for a total of 100ps. During this run, a restart file is saved every 10ps and used for the next stage (5) system shock stage is generated by compressing the simulation box from both sides while keeping full periodic boundary conditions. Practically, this is done by moving the simulation box faces perpendicular to the x axis towards each other. Box boundaries along the shock direction were given constant velocities of 3.5km/s and 4.5km/s. when the kinetic energy of the system reached a maximum, this signified that the shock fronts met and the system is now fully shocked. See Figure S1 below. . ℎ maximum value of the kinetic energy marks the point in which the two shock fronts meet. This configuration of the system is used as the conditions corresponding to the bubble collapse stage. At this stage, the time evolution of the system continues for 50ps in the micro-canonical ensemble. Initial box length, dx=33.48Å, compressed box length, dx=17.28Å. The maximum in kinetic energy was at = 180 .
(6) From this point in time, the simulation box boundaries were fixed and dynamics were allowed to continue in the micro-canonical ensemble for 50ps. System cooling was reached by three consecutive steps: (7) box expansion back to its size with the original density (1 / 3 ).
This process was accompanied by some thermal cooling but the system did not reach room temperature due to lack of a large enough thermal bath reservoir (i.e. cold ocean) of a thermal bath as in the sea. This stage was followed by (8) a temperature ramp at a rate of −158.4 / (example given for system 9). Finally, (9) an equilibration stage at constant temperature (T=300 0 K) to reach an isothermal system. This is shown schematically in Figure S2 below Figure S2 . Temperature during cooling stages of system 9. First, we compare the thermal cooling during volume expansion over different time lengths from 1ps to 100ps. Then, we take the system expanded over 10ps and continue cooling it using a temperature ramp that follows the relative cooling rate from the expansion stage. The simulation is finished by 100ps of simulation at 300K.
Description of reactants used
The different systems simulated in the present study are shown in Table S1 . All have an initial density of 1 g/cm 3 and all include 1000 H 2 O molecules. Using sqlite3 databases allows to query species and\or reactions according to specific criteria.
An example case is the search for species of specific structure and composition, as was done in the case of prebiotic related species.
Influence of impact velocity
The influence of the shock wave generation velocity is manifested mainly in the steady state pressure and temperature reached in the compressed phase. Typical differences between shock wave generation at v impact values of 3.5 and 4.5 km/sec, applied for example to system number 3 are = 4000 and = 33 for the low velocity and = 5700 and = 47 for the high velocity. These differences lead to a marked increase in the rate of reaction rates in the system. A manifestation of this behavior is presented in Figure S3 below that summarizes first order rates fitted to the reactants decomposition in systems 1, 2, 3, 6 and 9 for v impact =3.5 km/sec and v impact =4.5 km/sec. Inspection of these results clearly shows that the relative magnitude of the decomposition rates at the two shock generation velocities are very similar and the main difference is that the rates for v impact =4.5 km/sec are higher. 
Intermediate reaction products during the bubble collapse phase

Calculation of the mass distributions
The identity of the different species in the system are revealed once the bonding scheme among the atoms is calculated. This is done for every predetermined integration step (10fsec in the present case). The mass spectra are obtained by calculating the intensity of each mass by the average number of occurrences during 10 psec. Two typical mass spectra, obtained from calculation during 10psec starting at t=5 and at t=40psec are shown for systems 1, 3 and 9 in
Figures S4, S5 and S6. It is easy to see that the mass spectra obtained for the two systems do not change much during the time evolution of the system. This suggests that the intermediate species distribution obtained after about 10psec is nearly constant. 
System dilution
By varying the total number of water molecules, and keeping an initial density of 1 / 3 , the effect of solute concentration was examined. The 10x diluted system had 10 times as many water molecules compared to the systems examined in this work, having 100 carbon source molecules, 100 nitrogen source molecules and 10000 water molecules 
Carbon cluster example
For systems starting with CH 4 and NH 3 carbon clusters were formed. This is an example of a cluster formed in system 6 (no HCN as starting reactant) Figure S14 . An example of typical carbon cluster formed in the simulation of system 6.
